The completed research presented in the first part of the article has allowed linking the manufacturing technology of ductile iron castings with the process of hot dip galvanizing. On the basis of these data simulations were carried out to examine the behaviour of zinc diffusion coefficient D in the galvanized coating. The adopted model of zinc coating growth helped to explain the cases of excessive growth of the intermetallic phases in this type of coating. The paper analyzes covered the relationship between the roughness and phase composition of the top layer of product and the thickness and kinetics of zinc coating growth referred to individual sub-layers of the intermetallic phases.Roughness and phase composition in the surface layer of product were next related to the diffusion coefficient D examined in respective sublayers of the intermetallic phases.
Introduction
Hot dip galvanizing is one of the most common methods to protect products made from the Fe-C alloys from the effect of atmospheric corrosion.
It should be noted that in this study, the analysis of zinc coating structure was based on the Fe-Zn phase equilibrium diagram, although in reality the zinc coating growth on the surface of the galvanized product follows the rules of a non-equilibrium phase diagram, unknown so far. Additionally, because of the high value of the undercooling ΔT, it has been assumed that the isothermal crystallization of individual intermetallic phases is proceeding in a dynamic mode [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . An important factor that affects the growth of the protective layer is flux [4] . Also value of diffusion coefficient which can be estimated from the following (Equation 1) [13] :
where: D -diffusion coefficient, t -time, s, λ -zinc coating thickness, μm, α -back diffusion [14, 15] (estimated on 0.87). 
Experimental
The aim of this study was to identify the factors (parameters) which affect the thickness of the resulting protective layer, namely: a) calculation of technological formula of the zinc coating thickness, b) calculation value of diffusion coefficient D, c) identification of intermetallic phases formed during galvanizing process.
Results and discussion

The technological formula of coating growth
Based on the conducted studies (Part I), several equations were developed to express the dependence between zinc coating growth, the type of moulding technology and casting surface roughness. Kinetic growth Equations (2) for t = 900 sec.
From the derived relationships of coating growth referred to the surface roughness parameter R a of ductile iron samples and to the time t of the hot dip galvanizing treatment, the value of the constant A and the exponent n were determined, to develop next a general "technological formula" of the zinc coating growth, which took the form of (20) 
As a result of these studies it was found that a relationship exists between the surface roughness of castings, varying due to different moulding technologies used, and the zinc coating thickness. Moreover, this relationship becomes apparent even after a short time of the hot dip galvanizing, i.e. after 30 seconds of the process duration. Studies have shown that with the increasing value of the casting surface roughness R a , the zinc coating thickness is also increasing. This relationship is more noticeable after 180 seconds of the hot dip galvanizing process and deepens with process duration. Remembering that the equation is based on the parameters of coating microstructure formed on the surface of ductile iron samples with a pearlitic matrix, it has been considered necessary to introduce a coefficient m allowing for corrections in the zinc coating thickness. It is the fact well known that ferrite present in the substrate can significantly alter the zinc coating thickness λ. The value of the coefficient m was determined from equations (2)- (5) 
where the values of the coefficient m are given in Table 1 . 
Model of coating growth and the diffusion coefficient D
Equation (21) can replace several equations for the kinetics of zinc coating growth related to the manufacturing conditions (Table 2) , and as such can be used in zinc galvanizing plants to predict the zinc coating thickness in a range of products, allowing for the time of galvanizing treatment t in the range of 30 sec.÷900 sec. and surface roughness parameter R a comprised in the range of 16.71÷43.05 μm.
As a result of multi-faceted metallographic analysis of samples, the morphology of zinc coating formed on products characterized by high silicon content was evaluated (Figs. 1-2) . The test results indicate that the formation of intermetallic Fe-Zn phases on the surface of ductile iron castings under isothermal conditions is proceeding according to the crystallization sequence where Γ 1 phase is not the first one to nucleate and grow, but priority has the δ phase followed by the ξ phase. Furthermore, during the hot dip galvanizing of such products, the thermodynamic conditions can promote in zinc coating the formation of ξ phase alone.
In the following studies it has been assumed that under isothermal conditions the peritectic phase formation in zinc coating on the surface of products cast from iron or steel is consistent with the crystallization sequence. Therefore, in the studies, the phase equilibrium diagram of Zn-Fe alloys has been used, as- suming that it is the nominal zinc concentration N o in a periodically formed layer dx that controls the zinc coating morphology. When the concentration N o exceeds the level of 93% Zn, the δ phase nucleates and grows (Fig. 3 , left column), followed by the ξ phase. When the concentration N o in the layer dx exceeds the level of 94% Zn, the nucleating δ phase is no longer capable of creating its own continuous sublayer and nucleates parallel with the ξ phase (Fig. 3, middle column) . The δ phase is totally eliminated from the zinc coating, when zinc concentration in the layer dx reaches 95% (Fig. 3, right column) . Thus defined mechanism of zinc coating growth enables simulation of the diffusion coefficient D according to equation (1) , the sample values are summarized in Fig. 3 .
Conclusions
Based on the conducted studies it was possible to formulate the following conclusions: 1. It has been proved that under isothermal conditions the formation of intermetallic Fe-Zn phases in zinc coating on the surface of ductile iron casting proceeds according to the crystallization sequence where the Γ 1 phase is not formed and the first phase to form is the δ phase and then the ξ phase. Furthermore, when such products are subjected to the hot dip galvanizing, the thermodynamic conditions created in the growing zinc coating are often sufficient for the formation of the ξ phase alone. 2. A "technological formula", important from the point of view of technology, was developed to show the kinetics of zinc coating growth on the surface of ductile iron casting, where the zinc coating thickness λ was referred to parameters such as the galvanizing time t, the surface roughness R a and the phase composition of metal matrix. The diffusion coefficient D was also estimated.
